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ABSTRACT s J 

This learning module, one in a series of 20 related 
training modules for apprentice stationary .engineers, deals with 
feedwater. Addressed in the individual instructional packages ' 
included in the module are the following^ topics : types'of feedwater, 
equipment for use in Vorking with feedwater, water treatments, and 
procedures for testing feedwater. Each instructional package in the 
module contains some or all of the following: a lesson §oal, ^ 
performance indicators, a study guide, a vocabulary list, an 
'introduction, instructional text, an assignment, a job sheet, a 
self-assessment activity, a post-assessment instrument, answers to 
the post-assessment instrument, and a list' of recommended 
supplementary references. (MNK 
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STATEMENT. OF ASSURANCE 

V f 

It is the policy of the Oregon Department of Education, 
that no person be subjected to discrimination on the 
basis of #ace, national origin, sex, a.ge, handicap or 
marital status in any program, service or activity for 
which the Oregon .Department*" of Education is responsible, 
The* Department will comply with the.requirements of state 
and federal law concerning non-discrimination and will 
strive. by its actions tp enhance the dignity and worth 
of all persons . 
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This project was developed and produced under a sub-contract 
,-for the Oregon Department of Education by Lane Community 
College, Apprenticeship Division, Eugene, Oregon, 1984. < 

. Lane Community College is .an 'affirmative action/equ^l 
opportun4ty institution, 
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COMPUTERS 



1.1 Digital Language ^ 

1.2 Digital Logic 
1.3, Computer Overview 
1.4 Computer Software 

SAFETY? 

2.1 > General- Safety 

2.2 Hand Tool Safety / 

2.3 Power Tool Safety • 

2.4 " Fire .Safety • ',. 

2.5 Hygiene Safety 

2.6 ^ Safety and Electricity * 

' DRAWING . 

3.1 Types of Drawings and views 

3.? Blueprint Reading/Wbrking Drawings 

3.3 Scaling and Dimensioning 

3.4 Machine and Welding Symbols 

I 

TOOLS ^ 

4.1 Measuring, Layout and Leveling Tools 

4.2 Boring and Drilling Tools 

4.3 Cutting Tools, Files and Abrasive 

4.4 • Holding and Fastening Tools 

4.5 , Fastening Devices, 



\ ELECTRICITY/ELECTRONICS 
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5.1 Basics of Energy . 

5 .2 Atomic Theory ^ 

5.3 Electrical Conduction 

5.4 Basics of pirect Current 

5.5 Introduction to Circuits 

5.6 Reading Scales ■ 

5.7 Using a V.O.M. J 

5.8 OHM'S Law 

5.9 Power and Watt's Law 

5.10 Kirchoff's Current Law ,// 

5.11 Kirchoff 's Voltage Law' 

5.12 Series Resistive Circuits 

5.13 Parallel Resistive Circuits • 

5.14 . Series - Parallel Resistive Circuits 
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5.15 Switches and Relays 

5.16 Basics of Alternating Currents 

5.17 Magnetism * • . ■ 

; * ' • ' . . 

t f 

HUMAN RELATIONS « 

•Q i 

* ' f 

» • * ,| « 

6.1 • Qsimunications Skills ' 

6.2 Feedback • , ' 

6.3 Individual Strengths s * 
' 6.4 • Interpersonal Conflicts 

6.5 Group ^Problem Solving, Goal-setting and. Decision-making 

6.6 • Worksite Visits 

1 6.7 Resumes it 

6.8 Interviews ' ' , 

6.9 Work Habits and Attitudes 

6.10 Wider Influences and Responsibilities * 

6.11 Personal Finance , * 

6.12 Expectations " ^ . ' ' 




7.1 • Linear t Measure * <> 

7.2 WhCle Numbers • v 

7,;3 . Ackiition and Subtraction of Cannon Fraction 'and Mixed Numbers 

7.4 Multiplication- and Division of Cajrooh Fractions and Whole and 
Mixed Numbers v i 

7.5 Oxllpound Numbers 
tf.6 Percent •* 
7.7 Mathematical Formulas 
'7.8 , "Ratio and Proportion 

7.9 Perimeters, Areas and Volumes i * . 

7.10 Circumference and Wide Area of Circles 

^7.11 Area of Planes, Figures, and Volumes of Sdlid Figures 

J 7.12 Graphs « % '' 

7.13 Basic Trigonometry \ , » . , • 

7.14 Metrics - • • 

HYDRAULICS • . - " 

8.1 Hydraulics - Lever 

8.2 Hydraulics - transmission of Force . , 

8.3 Hydraulics - Symbols ^ • 
'8.4 Hydraulics - Basic Systems 

8.5 Hydraulics - Pumps t * * ■ 

8.6 Hydraulics - Pressure Relief Valve 

8.7 . Hydraulics - Reservoirs 1 , 

8.8 Hydraulics - Directional Control Valve 

8.9 Hydraulics - Cylinders C 

8.10 . Hydraulics - Forces * Area, Pressure' 

8.11 hydraulics - Conductors and Connectors r " 

8.12 . Hydraulics -"Troubleshooting 
^i8.13 Hydraulics - Maintenance 
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REFRIGERATION / % 

9.1 Refrigeration - Introduction * 

9.2' Refrigeration - Compressors 

9.3 Refrigeration - Temperature Controls 

9.4' . Refrigeration - Condertsers and Evaporation 

9.5 Refrigeration - Purge, Evacuate, Recharge 

9.6- > Refrigeration - Troubleshooting 

MACHINE COMPONENTS 

10.1 Machine Components - Shafts , 
id. 2 Machine Conponents - Bearings 

10.3 ■ Machine Conponents - Seals and Gaskets 

10.4 Machine Conponents - Chain Shafts 

10.5 Machine Conponents - Belts and Pulleys 

LUBRICATION ' 

i — - . * ». 

11.1 s Lubrication - Introduction > 

11.2 Lubrication - Standards and Selection 6f Lubricants- ^ 

BOILERS 

12 .1 • JBoiiers - Fire Tube Types ^ [ , « 

12.2 Boilers - Watertube Types ^ • 

12.3 Boilers - Construction 

12.4 Boilers - Fittings 

12.5 Boilers - Operation 1 „ 

12.6 Boilers: - -Cleaning * * 

12.7 • Boilers - Heat Recovery Systems , 

12.8 Boilers - Instruments and Controls , ' 

12.9 Boilers • Piping and. Steam Traps t p 

PUMPS ' /" 

f 

13.1 \mps - Types and Classification t { 

13.2 Pumps - Applications 

13.3 • Pumps - Construction • t 0 

13.4 - Pumps - Calculating Heak and' Flow 

13.5 Punps - Operation /• 

13.6 Punps - Monitoring and Troubleshooting 

13.7 Pumps - Maintenance 

STEAM ' 

14.1 Steam - Formation and . Evaporation 

14.2 Steam'- Types B 
14*3 Steam - Transport ^ 

14.4 Steam - Purification ' v 

.*> 

TURBINES 



„ ?.5.1 Steam Turbines' V Types 
v 15.2 Steam Turbines - Components . 



ERIC 



Steam Turbines - Auxiliaries 

.Steam Turbines,- Operation and Maintenance 

Gas Turbines t A : 

• COMBUSTION ' . 

Combustion - Process 
Combustion - Types of Fuel * 
Combustion - Air and FueJ. Gases 
Combustion - Heft Transfer 
Combustion -'Wood 

FEEDWATER ' • 

Feedwater - Types arid Equipment . 

Feedwater — Water Treatments 

Feedwater - Testing ✓ 

\ , ' ' ,< ^ •. 
GENERATORS 

Generators - Types and Construction & 
Generators - Operation 

# 

AIR COMPRESSORS * ' > 

Air Compressors - ijpes 

Air Compressors - Operation and Maintenance 

MISCELLANEOUS ' 

Transformers \ 
Circuit Protection ' . 

Installation - Foundations 
Installation - Alignment^ 
Trade Terms 
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Note: AM reference packets are numbered on the tipper right-hand corrfer of the respective gover. paae. 
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. Packet # Description 
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T2.1 
12.2 
12.3 



12.4' 

i 



V2.4 

T-2.5 

12.7 

12.8 

'l3..1 
13.2 
13.4 
13.6 
13.7 

13.3 
13.5 
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Correspondence Course, Lecture. 1, -Sec. 2, Steam Generators, Types 
of Bo41ers I, S.A.I. T., Cajgary, Alberta, Canada 

•if** 

Correspondence Course, Lecti*re 2, Sec. 2,' Steam Generators, Types 
of Boilers II, S.A.I.T., Calgary, Alberta, Canada 

» • 

Correspondence Course, Lecture 1 9 Sec, 2, Steam Generators, Boiler*- 
Construction & Erection-, S.A.f»T., Calgary"., Alberta, Canada 

Correspondence Course, Lecture 4, Sec. 2, Steam Generators, Boiler . " 
Fittings II, S.A.I.T., Calgary, Alberta,' Canada - 

I * \ t 

\ 

Corresondence Course, Lecture 4, Sec. 2, Steam Generators, Boiler N 
Fitting I, S.A.I.T:, Calvary, Alberta, Canada 

• ' * • 

Correspondence Course, Lecture 10, Sec. 2, Steam Generation, Boiler 
Operation,- Maintenance, Inspection, S.A.I. T., Calgary, Alberta, 
Canada 

Correspondence Course, Lecture 3, Sec. 2, Steam Generation, Boiler > 
Details, .S.ty. I. T. ,LCMgary, Alberta, Canada . J r 

Refer to reference packet 14.3/12.8 

Correspondence Course, Lecture 9, Sec. 2, Steam Generator, Power 
Plant Pumps, S.A.I.T'.; Caljary, Alberta, Canada 



Correspondence Course, Lecture 6, Sec. 3, Steam Generators, Pumps, 
S.A.I.T., Calvary, Alberta, Canada - 1 
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Related .Traini ng flo dule 



12.1 B^ifers, Fire Tube Tyfe' 

12.2 Boilers, Walter Tube Type 

: s. 

12.3 Boilers,- Construction. 
-.12.4 Boilers, Fittings^ 1 

* , * 

12.4 Boilere, Fittings 
,12.5 Boiler&r Operation * 



12.7 Boilers Heat Recovery 
Systems 



-PUMPS ' 

13.1 Types & Classification 

13.2 Applications 

13.4 Calculating .Heaf & Flow ' 

13.6 Monitoring & Troubleshooting 

13.7 Maintenance 

13.3 Construction 
13?5 Operation 
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Supplementary 
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14.3 
12.8 



14.4 
15.1 

15.2 
15.3 
• 15.4 
15,. 5 
16.2 

a 

16.2* 
16.3 

1.7. 1-, 
17.2 



Correspondence Course, Lecture 6, Section 3, Steam Generators, Steam 
Generator Controls, S.A,I.T., Calgary, Alberta, Canada 

Correspondence Course, Lecture 11, Section 2, Steam Generators, 
Piping II, S.A.I. T., Calgary, Alberta, Canada 

( Correspondence , Course, Lecture l, Ses. 4, Prime Movers & Auxiliaries,' 
Steam Turbines, S.A.I.T., Calgary, Alberta, Canada. 

Correspondence Course, Lecture 4, Sec. 3, Prime" Movers, Steam 
Turbines I, S.A.I.T., Calgary, 'Alberta , Canada 

Correspondence Course, Lecture 2, Sec. 4, Prime Movers & Auxiliaries, 
Steam Turbine Auxiliaries, S.A.I.T., Calgary, Alberta, Canada 

CP 

Correspondence Course, Lecture 6, Sec. 3, Prime Movers, Steam Turbine. 
Operation & Maintenance, S.A.I.T., Calgary, Alberta, Canada 

Correspondence Course, Lecture 8,. Sec. 3, Pri.me Movers, Gas Turbines, 
.. S.A.I.T., Calgary, Alberta, Canada 

Boilers Fired with Wood and Bark Residues, D.D. Ounge, F.R.L., O.S.U. 
. 1975 * 

Correspondence Course* Lecture 5, Sec. 2, Steam Generators, Fuel 
Combustion, S.A.I.T., Calgary, Alberta, Canada 

Correspondence Course, Lecture 5, Sec. 2,* Plant Services, .Fuel & 
Cdmbustion, S.A.L.T., Calgary, Alberta, Canada 

Correspondence Course, Lecture 12, Sec. 3, Steam Generation, Water 
Treatment, S.A.I.T., Calgary, Alberta, Canada 

# 

Correspondence' Course, Lecture 12, Sec. 2, Steam Generation, Water 
Treatment, S.A.I.T., Calgary, Alberta, Canada 



Related Training Module 

14.3 Steam,- Transport 

12.8 Boilers, Instruments & 
Controls 

14.4 Steam, Purification 



15.1 Steam Turbines, Types 
'15.2 .Steam Turbines, Components 

15.3 Steam. Turbines, Auxiliaries 

15.4 Steam Turbines, Operation & 
• , r Maintena. ^e 

15.5 Gas Turbines 

16.2 Combustion Types of Fuel » 
.16.2 Combustion 'Types of Fuel 

16.3 Combustion, Air & Fuel Gases 



.17:1,, Feed Water , Types & 
Operation 

,,17.2 Feed *ater, Water Treatments 



\ 



II 



9 

ERIC 



i U 



\ 



Stationary Engineer 
Supplementary Reference Directory. 

Page 3 



Supplementary 

Packet ii • Description 



17.3 
18.1 



18.1. 
18.2 



19.1 



19.1 
19.2 



20.1 
21.1 

22.1 



Correspondence\ourse, Lecture 7, Sec. 2, Steam Generators, Boiler 
Feed Water Treatment, S.A.I.T. , Calgary, Alberta, Canada 

Correspondence Course, Lecture 2, Sec. 5, Electricity, Direct 
Current Machines, S.A.I.T., Calgary", Alberta, Canada 

Correspondence Course^ Lecture 4, 3ec. 5, Electricity, Alternating 
Current Generators, S.A.hT., Calgary, Alberta, Canada 



Corrspondence Cotw^e, Lecture 5, Sec. 4, Prime Movers & Auxiliaries, 
Air Compressor I, S/A.I.T., Calgary, Alberta, Canada 

Correspondence Course, Lecture 6, Sec. 4, Prime Movers & Auxiliaries, 
Air Compressors II, 5.A.I.T., Calgary, Alberta, Canada 



Basic Electronics, Power Transformers, EL-BE-51 

Correspondence Course, Lecture 7, Sec. 5, Electricity, Switchgear 
& Circuit, Protective Equipment, S.A.I.T., Calgary, Alberta, Canada 

Correspondence Course, Lecture 10, Sec. 3, Prime Movers, Power Plant 
Erection & Installation, S.A.I.T., Calgary, Alberta, Canada 



Related Training Module 
17.3 Feed Water, Testing 



18.1 Generators, T, >es & 
Construction 

18.1 Generators, Types ft 
Construction • 

18.2 Generators, Operation 

19.1 Air Compressors, Types 



19.1 Air Compressors, Types 

19.2 Air Compressors, Operation 
& Maintenance 

20.1 Transformers 

21 .1 Circuit Protection 



22.1 Installation Foundations 
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RECOMMENDATIONS FOR USING TRAINING MODULES 



The following pa.cjes list modules and their corresponding numbers for this 
particular apprenticeship trade. As related training classroom hours 
vary for different reasons throughout' the state, we recommend' that 

4 

the individual apprenticeship committees divide the total packets, to 
fit their individual class 'schedules. ' \ 



There are over 1 30 modules available. Apprentices can complete the 
~-»whole set by the end of their indentured apprenticeships. Some 
apprentices may already have knowledge and skills that are covered 
in paVticular modules. In those cases, perhaps credit could be 
granted N for those subjects, allowing apprentc+eS to advance to the 
remaining modules. 



We suggest the the apprenticeship instructors assign'the modules in 
numerical order to make this learning tool most effective. 
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SUPPLEMENTARY INFORMATION 



ON CASSETTE TAPES 



\ 



Tape 1: Fire Tube, Boilers V Water Tube Boilers 

and Boiler Manhole^ and Safety Precautions 

■ C ' 

Tape 2: Boiler Fittings, Valves, -Injectors, 
Pumps* and Steam Traps 
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\ Tape 3: ( Combustion, Boiler Care and Heat Transfer 
• and Feed Water, Types 



Tape '4: 



Boi le r Sa f e ty and S team _Turb i nes 



NOTE: The above cassette tapes are intended as additional 
reference material for the respect i\te modules, as 
indicated, and not designated as a required assignment, 
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FEEDWATER 

\ 

v.- 



- TYPES AND EQUIPMENT ^ 



Goal: 

* 


Performance Indicators: 

* 


■ * 

TJfie apprentice will be able to 
describe feedwater types and equipment. 


1. Describe types of water, 

2, Describe equipment for 
. clarification , 


• • 


3. Describe equipment for 
softening, 4> 




4. Describe equipment for 
thermal treatment. 


\ 

• 
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Study Guide 




indifc* 



* Read the goal and performance indicators to find what is to be learned from 
package. 



* Read Lh^ vocabulary list to find new words that will be used in package. \ 

* Read the introduction and information sheets. 

* Complete the job sheet. 

* Complete self-assessment. 

* Complete post-assessment. • • 



4 * 
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INSTRUCTIONAL LEARNING SYSTEMS 



Vocabulary 





* Anion exchanger * 

* Cation exchanger 

* Clarification 

* closed feedwatsr heatef 

* Coagulants 

* De&erator 0 

* Demineralizatiop 

* Dissolved gases 

* Embrittlement 

* fistuarine water 

* Fibers 

„ * Flash evaporator 

* Hard water 

* (/pen f eedwater heater 

* RajLn water 

* Scheens and strainers 

* Settling basin 

* Shell and tube evaporator 

0 

* Soft water 

* Softening 

* Suspended ipatter 
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Introduction 




Raw water ia found in many forms of purity. Rain water hits the earth in a 
reasonably pure form except for the oxygen and oarbon dioxide it has picked up 
on its way down. -In areafe with aci^l rain, it might collect far more than oxyoen 
and carbon dioxide. \ ' ~* 

Once the 'water has . percolated through earth and rocks-, it becomes either hard 
water or soft waiter. This depends on the chemicals picked up as it percolated 
through the rocks. • ' 



One- can safely assume that all types of water needs treatment before ,it is 
placed in a boiler. Such treatments require equipment ' for clarification, 
softening and heating. This package describes some of the equipment needed for 
feedwater treatment. I ' ' ' 
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Information 




"■' - TYPES OF WATER 

r .» ^ >- 

Feedwater comes froto several natural sources that have different levels. pi water 
quality. Thq basic categories of natural water axe* 

1 . Rain water 

2. Hard water 

3. Soft&ater ^ 

4. Estuarine wat^r 

Rain Water 



V 



Rain watej-has a high level of carbon dioxide and oxygen. « This causes it to be 
corrosives It .is low in miheral content which reduces the problem from scaled 
Still it roust be treated to remove the dissolved Rases which cause corrosion. 

lard Water v 



Hard water is 'merely rain water that has traveled through rocks and earth. It 
picks up calcium and magtiesium in the process of moving through the earth. Tbp 
calcium and magnesium is in the form of carb on ates , chlorides and sulphat^ . 
These compounds become a problem in feedwater in the form of scale. Hard water 
must be treated before use as feedwater. + 

Soft Water 3 

-— ■ ■ ■ — -~ - » ■ 

Soft water is rain water that moved through insoluble rocks. The water failed 
to pick up calcium and magnesium. Soft water may contain suspended matter such 
as leaves, silt and clay particles that were picked up on its trip through the 
rocks. Soft water must be treated in settling tanks to remove the suspended 
matter. 

Estuarine Water . . 



Estuarine water comes from estuaries of the sea. It is diluted sea water. The 
closer it is located* to the sea, the heavier the chemical concentration will be. 
Estuarine water requires careful treatment to be made suitable for , boiler 
feedwater. 

'<( 
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Information 





^EQlJfPMENT FOR TREATING WATER 



Equipment for Clarification 



Suspended matter must be* removed from feedwater by a process called 
clarification . This means that the process makes the water clear by' removing 
suspended matter. The equipment .uses mechanical treatments to remove particles 
from the ,water. The common pieces of equipment for clarification are: X 

1. Screens and strainers for removing large particles of suspended 
, matter. f m t * * 

2, S ettling basins which allows suspended particles to settle to the'bottem 
and be drawn off, 

■3. Coagulants are sometimes n'eeded to increase the particle size of v 
suspended solids. The particles will then seJtllp to the bottom to be 
> drawn off. This is a mechanical (settling)) proofs even though a chemical 
coagulant was-useti to ^promote settling of , the particles. 

A. Filters consist of a bed of porous material through which water can pass 
by either gravity flow' or under pressure. , Th^ po.rous material is often 
sand or anjihraciteiN A pressure filter is shown below. « * 
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Information 





Equipment- for Softening * \ 

Removal of calfium and magnesium salt£ from water is often accomplished .through 
softening ' processess, The common softening processes pre: 



1. Cold lime-soda 

2. H6t line^soda 
,3. Sodivyn zeolite 

4 # Hydrogen zeolite 

5 . 'Deminei^alizion 



The equipment, for cold lime-soda softening requires an agitator to mix the 
chemicals arid a coagulant^ Jhe softener combines with scale to form a sludge' 
which can be discharged. The coagulant aids in sludge formation. 

. • c. ( - ■ 



>t AGITATOR DRIVE 




OR AIM 



i Cold Lime-Spda Softener 
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Information 





Hot lime-scyda requires that the vater be heated above 100 C. Ttiis causes a 
qUick chemical > reaction between the softener and solids in the water, A hot 
lime-soda* softener is pictured below. , * " 



;. h JLE T CO^TPOL VALVE 



Vent Condensing 
Section 



VEMT 

STEAM INLET 



OVERFLOW 



W-SH WATER 

from filters 




* . II VALVE 



ChEVICAl *il>) 



PUMP 



ATiON 



TO WASTE 



TO ' 



a 



WASH 

Pump 



hlTEPS 



Hot Lime-Soda Softener 



The sodium zeolite softener exchanges ions with scale forming sol-ids. The scale 
forming salts are replaced with sodium cations thaE do not form scale. Some 
common zeolites are synthetic gel, sulfonated coal and styrene resin. After the 
reolite has collected a load of calcium and magnesium cations from the solids, 
the zeolite container is filled with brine. The' brine removes the load of 
celcium and' magnesium ions from the zeolite. The brine can then be flushed out 
)and'the zeolite reused. A zeolite softener is shown in detail on the next page. 
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HYDfoMATIC SINGLE \CONTROl VALVE 



RAW WATER INLET 
DISTRIBUTOR 
AND BACKWASH 
WATER COUECTOR 



METER WITH 
ALARM 
CONTACTS 



UNDERDRAIN 
HEADER LATERAL 
SYSTEM * 



TREATED 
WATER 

OUTLET 




SCREW 
JACK , 
liGS 



RINSE TO WASTE 



Zeolite'So'ftener Details 
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Information 





Hydrogen zeolites are often used instead of sodium zeolites. A problem of 
caustic embrittlement can " result, from .the use of sodium zeolites* Sodium 
hydroxide was one of the by-products of sodium zeolite softening. This by- 
product can • cause embrittlement . Hydrogen zeolites will remove the scale 
forming salts without forming the by-products* that cause embrittlement. A 
^hydrogen' zeolite is made from lignite, sulphcnated coal or synthetic resin., A* 
method of carbon dioxide removal must be used with this type of sof ener . The , 
hydrogen zeolite is often used in parallel with the sodium zeolite unit and a 
degasifier.- 



PAW" WATER 



DilUT£ H 2 S0 4 
SOLUTION FOR 
HYDROGEN CYCLE UNIT 
REGENERATION 



HYDROGEN CYCLE 




SODIUM CYCLE i 


UNIT 




UN'T 


( HYDROGEN 




( SODIUM 


EXCHANGER) 




EXCHANGER) 



BLENDING 
VALYES -| 



HYDROGEN CYCLE 




SAT Ui AT ED NdCl 
BRINE FOR 
SODIUM CYCLE 
UNIT 

REGENERATION 



VENT TO 
ATMOSPHERE 
(CO ) 



DE- GASiF!£R 
TOWER FOR' 
C0 2 REMOVAL 



BLOWER 



SODIUM CYCLE 




ma 

MTDPkl V — y 



Hydrogen and Sodium Zeolite 
Units in Parallel 



a LIQUID LEVEL CONTROL 

activates blower transfer 
and valve 

STORAGE FOR 
TREATED WATER 



Demineralizart^ioji uses the principles of anion and cation exchange to remove all 
salts from the\ water. A hydrogen zeolite cation exchanger removes sodium, 
magnesium and * calcium. The anion exchanger removes sulphide, chloride and 
^^ilicia ^nions. A d egasifier removes the carbon dioxide from the water., 
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Raw Water 
— * 



• 



Acid 
Regenerant 



Cation 
Exchanger 



gasifier 



Clearwell 



-0 



Anion 
Exchanger 



Caustic Soda 
Regenerant 



To Service 



^ Demineralizing Arrangement 



Equipment for Thermal Treatments 

Heat can be used to treat ffc^tfWater . The* most economical use of heat is to 
remove dissolved gases from the feedwater. Thermal treatment involves the use 

of: 

1 . Deaerators 

2 . Feedwater heaters 

3. Evaporators 

Dearators are of a spray type or a tray type. Basically, the deaerator heats 
jhe water to boiling and removes the gases through a scrubbing process. A 
ombination spray and tray type deaerator is shown. 
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Level 
control 



Woter n 
inlet 



Steorn^ 
inlet 



L 

Float 
coge 




-^Internal vent 
condenser 



4 M s\ v^, 



Deaeroteti-woter 
storage 



3? 



* I 1 Heohng and 
deoerotmg troys 



SSI, 



^Manhole 
flonge 



T 1 ! 

ii 




• -fa boiler-feed pump 



Combination Spray 
and 

Trav I )e aerator 
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information 



A spray deaerator is pictured below. 
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Information 




Feedwater heaters are used to soften, deaerate and filter water. They also 
serve the purpose of heating the feedwater. Bicarbonates are broken into carbon 
dioxide which has the effect of softening the water". Feedwater heaters may be 
roen or closed types. Open feedwater heaters operate at atmospheric pressure 
and below boiling point. A closed heater allows water to be heated to high/ 
temperatures. The open heater is shown below. 



) 



Water inlet 



Vent 



Float Valve ^ * 



Overflow 




To Feed Pump 



Water 
Coke Filter 



Open FeMBdy&ter Heatei 



Steam Inlet 



Oil Separator 



tUl— O / 011 fr° at Valve 



r»Drain to Waste 



A closed feedwater is built into the system as. shown, 
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Evaporators are used to distill water for' a system. The evaporator removes all 
solids. A deaerator .should be used in tandem with an evaporator to remove the 
soluble gases. Evaporators are made in three types: 

1 , Shell and tube 



2r Flash 

3. Demineralizers 



The figure below shows a shell and tube type evaporator 



Vopor outlit 
Mot'stvr* upc rotor 



Wot*r spray inltt 




Tension oors 
Sttem in 



ftooting 
food 



Bfomhm connection 
Separator m oh tun drain 



\^PJU — Cond§n$ot$ ovtt*t 
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Assignment 



* Read pages 7 - 33 in supplementary reference. ^ C 

* Complete the, job- sheet . 

* : Complete seLf-assessment and che^ answers . 

* Complete, post-assessment and ask the instructor to check your answers. 



\ 
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Job Sheet 





ANALYZE WATER TREATMENT EQUIPMENT AT YOUR JOB SITE OR OTHER VISITATION SITE 

* Obtain manufacturer's specif icationp and instructions for water treatment 
equipment at a' specific site* 

* What type of equipment is used for: . 

- Clarification? ' 

- ^Softening? * 

- Thermal treatment? 

* What kind of water is used for feedwater? r ^ 



- Rain water ^ 

- Hard water s 

- Soft water 

- Estuarine water . 

Is the equipment appropriate to the needs? 

- What are the water problems? 

- How well are problems controlled? ' ' 9 

Visually inspect water, treatment equipment for better understanding of its 
components. • S 
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Self 

Assessment 



f 




Match the following terms with appropriate phrases. 
u 1. Settling basin 



2. Cold lime-soda 

3. Hard water 



• Used to increase the size of 
particles of suspended matter, 

B. Softener that exclA^es iops 
with scale forming solids. 

C. Is 'actually fluted seawater. 



4. Sodium zeolite 



5. Soft wat^r 



6. Rain water 



7. Coagulant 



8, Clarification 



9. Filter 



10 . Estuariflfe water 



D. Process for removal of suspended 
. matter from feedwater. 



E. Co cains 
ca bonates 
sulphates. 



scale forming 
chlorides and 



F. Porous bed of anthracite or 
sand. 

G. Must be treated to remove oxygen 
an<k carbon dioxide. f 

H. May contain suspended matter 
but is low in solids. 

* 

I. Allows suspended particles to 
be drawn off at the bottom. . 

J. Softener that combines with 
scale to form a sludge. 
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Self Assessment 




I 



3 



B 



H 



D 



" 1. 
2. 

3. ' 

4. 

5. 
.6. 

7. 
.8. 

10. 
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flatch the following terms and descriptive phrases. 



1. Hot lime-soda softener 

2. Sodium zeolites 
3i Hydrogen zeolite 

4. Degasifier 

5. Demineralization 



A. Removes carbon dioxide from 
water . 

v 

B. A common sodium zeolite. 



C. Very quick reaction between 
softener and solids* 

D. A common hydrogen "zeolite. 

E. Can cause embrittlement . 



6. Deaerator 



7, Styrene resin* 



8. Lignite 



V 

_ 9. Evaporator 



10. Feedwater heater 



F. Used to avoid embrittlement 
* problems. 

G. May be shell or tube or fl&sh 
types. ■ . 

H. May be of spray oi; tray. 
J types. % 

I. May be of open or closed types. 



J. Removes all s&lts from water 
and uses both anion and cation 
exchange principles. 
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* Correspondence Course. Lecture 12, Section 3, Third Class. Steam 
Generation. Southern Alberta Institute of Technology. Calgary, Alberta, 
Canada." • * 
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17.2 



FEEDWATER ~ WATER TREATMENTS 



Goal: 



The apprentice will be able to 
describe the basic feedwater 
treatments. 



ERLC 



Performance Indicators: 



1. Describe external treatments, 

2. Describe internal treatments, 

3. Describe sampling of boiler 
water and steam for testing. 
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Study Guide 




* Read the goal and performance indicators to find what is to be learned from 
package. 

* Read the vocabulary list to find new words that will be used in package. 

* Read the introduction and information sheets. 

* Complete the job sheet. 

* Complete self-assessment. 

* Complete post-assessment. 
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Vocabulary 




# 

* 

* 
* 

* 

* 

# 

* 

* 
* 

* 

* 

* 

•* 
* 



Anion exchanger 
Caustic embrittlement 
Carryover prevention 
Chemical coagulation 

Continuous hot process softener * * 

Continuous sedimentation cold process softener 
Continuous sludge contact cold process softener 
Deaerators 

Deionization proc ;s 
Demineralized water 
Dissolved gases 
Dissolved solids 
Evaporation 
External treatment 

Filtration , ' . 

Foaming 

Hot lime — hot ion exchange softener 
Hot lime — phospha.te softener 
Hydrazine 

Hydrogen ion exchanger 
Intermittent cold process softener 
Internal treatment 
pH control . - 

Priming 

Return line corrosion 
Reverse osmosis 
Sample cooler 
Sample testing 
Scale prevention 
Settling tanks 
Sodium hydroxide 
Sodium ion exchanger 
Sodium phosphate 
SprrW type deaerator . 
Steam sample 

Suspended matter * 
Tray type deaerator 
Water sample 
W^r.er softener 
Zeol ite 



— 3- 

ERIC 



3 



INSTRUCTIONAL LEARNING SYSTEMS 



7 



Introduction 




A steam plant is troubled with scale deposits and corrosion. Scale 'deposits 
reduce the ability of the unit fco transfer heat. The level of scale formation 
is determined by the contrnt and purity Vf the water used to make steam. High 
purity water used to make steam. High purity water becomes a major concern for 
the boiler operator. * , 

This water is heated to form steam. As the water is transformed to steam, more 
water is fed into the boiler 4 . The term feedwater is used to describe water that 
is fed into the boiler to become steam. ■ ' ' 

£p avoid damage , from feedwater, the water should be tested and the water treated 
according to thfe findings'of the tests. Follow-up tests should be conducted to 
make sure that the treatment corrected the problem of water quality.* 
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W ater Treatment 

The purpose of feedwater treatment is to: 

1. Remove salts that form scale. 

2* Remove acid-fortoing materials, 

3, Reduc^ dissolved oxygen content. 

4. Regulate total dissolved solids content* 

Water impurities that cause problems in feedwater are: 

1 . Suspended matter is material that does not dissolve in water and can be 1 
removed by filtering. Examples are organic material, clay, mud. 

2. Dissolved solids such as calcium, magnesium and silica make compounds 
that form scale deposits. This problem requires treatment of the 
feedwater. 

3. D issolved gases such as oxygen and carbon dioxide corrode the boiler and 
piping.' Mechanical aeration and chemical treatments are used to remove 
the dissolved gases from the feedwater. 

The methods of treatment may be classified as: 

!• External treatment of the water before it enters the boiler," i.e. * 
* evaporation , filters, deaerators. 

2t Internal treatment by chemical means after it enters the boiler. 
External Methods of Treatment 

Several external methods of water treatment are used to purify the feedwater. 

1- S ettling ta nks ,can be used to settle out suspended matter. Water is 
allowed to sta^ in the settling tank until suspended matter settles to 
tne bottom and is drawn off. If the suspended matter is a fine particle" 
>uch as clay, chemical coagulation can be used to increase the particle 
size and make it settle out. Aluminum compounds are common coagulants* 
Coagulation also removes some solids other than suspended matter* 

«* 

Kilt rat ion involves passing raw water through filters of .sand and gravel 
or other media. Filters trap most suspended materials. 

I i 
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Pressure filters will remove finer particles than a gravity filter upit. 
The filter media is graded in density and pressure is applied to push 
the water through the filter. A drawing of a pressure filter is shown. 




IHLCT 



BAFFLE 



PRESSURE SUPPLY 



ROTARY SURFACE 
WASHER (OPTIONAL) 



GRADED FHTTR 
MEDIA 



STAINLESS STEEL 
STRAINERS 

FULL AREA 
STRAINER PLATE 

OUTICT 



3. * Water softeners are used to remove scale forming dissolved solffds from 
, the feedwater. Lime (calcium hydroxide) and soda (sodium caWaojpate) 
precipitate the solids. A coagulant is then used to settle out the 
dissolved solids* Lime-soda softeners may be used as \ the 
intermittent cold process softeners for small plants as continuous 
sedimentation cold process softeners that are continuously mixing lime 
and soda with water and the sedimentation process is on-going; 
continuous sludfte contact cold process softener that mixes raw 
water with sludge and chemicals; and the continuous hot process . The 
continuous hot process softener is the most widely used. Chemicals and 
water are mixed and Immediately heated to 100 C by steam. The solids 
precipitate and aie removed by blow down. The hot lime- 
hot phosphate softener uses hot phosphate along with the hot lime 
softener. Almost all dissolved solids can be removed through this 
treatment. The hot lime softener can be combined with an ion exchanfter 
to remove hardness and carbon dioxide from the water. A hot lime- 
hot ion exchange softener is shown on the next page. 
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, Hot Lime - Hot Ion Exchange 



- o . 

ERIC 



In the sodium ion exchanger * a sodium zeolite softener converts scale 
forming compounds to nor-scale forming compounds. The zeolite changes 
calcium and magnesium to sodium compounds through ion exchange. 



The hyd 
and ma 
hydroxi 
sodium 
dioxide 
uses a 
cation 
is used 
used to 
pure as 



roften ion exchanRer uses a hydrogen zeolite and converts calcium 
gnesium into acids and then the acids are neutralized with sodium 
de. This softener avoids having carbon dioxide formed from the 
bicarbonate that is the case with other softeners. The carbon 
causes erosion problems in boiler parts. Demineralized wate r 
deionization process. First a hydrogen zeolite is used as a 
exchange to remove calcium and magnesium. Then an anion exchanger 
to remove- sulphate, chloride and silica anions. A degasifier is 
remove carbon dioxide. This makes mineralized water almost as 
distilled water. 



Reverse osmosis is another system for cleaning up water. In osmosis, a 
dilute solution will pass through a membrane to a concentrated solution. \ 
However, if pressure is applied on the concentrated side, the fluid will \ 
pass to the dilute side in a reverse osmosis. If raw water is forced 
through a membrane, the impurities will be left behind, A reverse osmosis 
type softener is shown. 



BEglSff -COPV MAILABLE 



44 



Information 





ENCLOSING SHROUD 



PRESSURIZED FEED % 



HELICAL TUBULAR 
MEMBRANE AND 
FLEXIBLE PRESSURE 
SUPPORT 



HIGH PRESSURE 
END FITTING 



CONCENTRATE 




PLASTIC SUPPORT SPOOL 



PRODUCT SAMPLE 
PORT 



PRODUCT (PERMEATE) 
TO COLLECTION SYSTEM 



/ 



A. Evaporation involves boiling water, The steam from boiling water is 
condensed and used as feedwater. Deaerators are used with evaporators 
so that both dissolved gases and minerals are removed from the 
feedwater. Water is usually softened before evaporation to avoid scale 
formations in the evaporator. A typical evaporator is shown on the 
following page, 
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VAPOR DOME 



3 STAGE DRYER. 
SCRUBBER.PURIFIER 
ASSEMBLY 



VAPOR OUTLET 
NOZZLE 



TENSION BARS 
FOR FLEXTUBE 
THERMAL 
DESCAUNG 



DESCALING 

SPRAY 

PIPES 



FIXED TUBE SHEET 
COIL STEAM INLET 
STEA^ HEAD 



ACCESS 
MANWAY 




GAUGE GLASS 
AND LEVEL 
CONTROL < 
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ASSEMBLY 



CONDENSATE 
DRAIN 



INTERMITTENT BLOWDOWNS J 



INTERMEDIATE 

SUPPORTING 

RACK 



• 



Pea era t ion is used to remove dissolved gases from water. Oxygen and 
carbon dioxide cause" corrosion in boilers. It is wise to remove as much 
ot the dissolved gases as possible through deaeration. Mechanical de- 
aera^rbn involves heating the water to the boiling point and pushing the 
gastft into the atmosphere. During this process the water is scrubbed 
with steam to remove the gases from the water. Deaeratois consist of 
tour sections. They are either of a spray type or tray type . In the 
spray type water is sprayed into the first section where it is heated- 
moved through the scrubbing section; moved into storage section as 
deaerated water; and the gases move to the last section and then 
outside-. The tray type deaerator is very much like the spray type 
except that the water trickles down over trays instead of being broken 
up by spray nozzles. 
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Internal Methods of Treatment 

Internal treatment is conducted after the water has entered the boiler. It may 
be used as the only treatment in some low pressure boilers or in addition to 
external treatments. Some of those internal treatments are: 



1 



3. 



pH Control — prevents acids in, boiler water from corroding the metal. 
The pH must be kept- high (10.5) by adding a base solution. 
Sodium hy droxide has been used in years past but is now found to cause a 
problem called caustic embrittlement . To avoid this problem, operaters 
should use sodium phosphates for raising the pH level of boiler water. 

Scale prevention treatments involve precipitating calcium and magnesium 
salts and removing ' them as sludge during blow-off. The sodium" 
phosphates are the most suitable chemical for precipitation of salts 
that later become scale. 

Oxygen sc avenging . The feedwater brings undissolved oxygen into the 
boiler. This oxygen will cause corrosion of the boiler-, feedwater 
lines, • heaters and economizer. Mechanical deaeration should be 
practiced on all feedwater. In addition, this should be followed by 
oxygen scavenging or chemical deaeration to remove the remaining oxygen. 
Sodium sulphite is the chemical to be used in scavenging. With_ some 
high pressure boilers hydrazine , a strong alkali, is used for scavenging 
oxygen. 

i 

Car ryover prevention involves steps to assure, that boiler water solids 
do not leave in the steam. A previous package discussed priming which 
involves carryover of water in the steam. Foaming is a condition where 
bubbles form in the boiler. -These bubbles cause water to be carried 
over in the Jteam, There are many causes for water carryover including 
chemical and rechanical reasons. Blow-down reduces the amounts of 
suspended solids and prevents carryover. Such things as oil in the 
boiler can c/use foaming and carryover. There is no internal treatment 
for oil in tfte boiler. Many new anti-foarn agents are available to help 
control carryover by foaming. 

Return line corrosion is caused by carbon dioxide and oxygen in the 
condensate.- solution. Mechanical and chemical aeration can prevent 
problems with oxygen. Carbon dioxide can be controlled by the use of 
ammonia, neutralizing amines and filming amines. Ammonia is corrosive 
to copper and zinc bearing metals. 
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Sampling Boiler Water and Steam 



The operator must be able to cpllect samples for testing. That is the only way 
to determine the quality and purity of boiler water and steam. The sample must 
be representative of the total water and steam capacity. 

1. Water samples should be collected from an internal pipe or from the 
^ continuous blow down pipe. The samples should be cooled to room 

temperature in a sample cooler . 

2. Steam samples are taken from the drum by sampling lines. ^It is 
condensed and cooled in a sample cooler. 

3. Sample testing must be carefully done to avoid contamination of samples. 
The test instructions must be followed closely if • good results are 

^fe expected. 
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* Assignment 




Read pages 1 - 33 in the supplementary reference. 
Complete job sheet. 

Complete self-assessment and check answers. 

Complete post-assessment and ask the instructor to check your answers. 

* • 

\ 
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Job Sheet 




ASSIST OPERATOR IN COLLECTING WATER AND STEAM, SAMPLES 



* Ask a boiler operator if you can observe the techniques for collecting* and 
preparing samples of water and steam for testing. 



* Assist operator in collecting samples. \ 

* Record 'the steps in collectipn procedure. 

* Record steps in sample preparation such as cooling. 



ft 
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Assessment 




Match the following terms and phrases. 



1, Dissolved gases 

'2. Dissolved solids 

3. Suspended matter 

A f Chemical coagulation 

5. Water softeners 

6. Demineralized water 

7. Zeolite 

8. Evaporation 

9. Peaeratiori 

10. Reverse osmosis 



A. 



B. 



D. 



E. 



Removes scale forming dissolved 
solids from water. 

Requires water to pass through 
a membrane under pressure. 

Increases particle size so 
that it will settle out. 

Make orompounds that cause 
scale/ 

Involves boiling water into 
steam and condensing it. 

Cause corrosion, in boiler 
and piping. 



G. Does not dissolve in water, 



H. Used to remove dissolved gases 
form feedwater. 

I. Requires cation exchanger, anion 
exchanger and degasifier to 
manufacture it. 

J. Changes calcium and magnesium 
compounds to sodium compounds. 
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Answers 

r. » 







% \ F 1 . 

D 2. ' 



G ' 3. 




E 8. 



H 9. 

B 10. 
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J'ost 

Assessment 




Match the following terms and phrases. 



/ V 



1 . Spray type f 



2. Sodium hydroxide 



3. Sodium phosphate 



4. Oxygen scavenging 



5. Foaming 



6. Sodium sulphite 



7 , Ammonia 



8. Water softener 



9. Settling tank 



10. Return line corrosion 



*A, Removal of oxygen by 
chemical deaeration , 

B # Removes scale forming elements 
such as calcium, magnesium 
and silica, 

C. Used to remove suspended 
matter from water. 

D. Avoids caustic qrabrittlement . 

E. Type of deaerator. 

F. Chemical used in oxygen 
\ ' scavenging. 

G. Causes caustic embrittlement . 

> 

t 

H„ Caused 4 by carbon dioxide and 
oxygen* in the condensate 
solution . 

I. A type of water carryover 
into steam. 

J. Corrosive to copper and zinc 
bearing metal. 
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v osi /issessrnent 






/Answers 







E 1. 



G 2. 



D 3. 



4. 



I 5. 



F 6. 



7. 



B 8. 



H 10, 
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Supplementary 
References 




* Correspondence Course. Lecture 12, Section 2, First Class. Steam Generation, 
Southern Alberta Institute of Technology. Calgary, Alberta, Canada/ 
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FEEDWATER - 


■-- TESTING 


• 




Goal: 


Performance Indicators: 


The student will be able to 
describe tests on feedwater. 

•** 


* 

1, Identify conunon test 
equipment, reagents and 
indicators. - 

2. Describe standard tests of 
water quality. 


• 


ft 


i 
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*tudy Guide 




* Read the goal and performance indicators to find what is to be learned from 
package. 

* Read the vocabulary list to find new words that will be used in package. 

* Read the introduction arid information sheets. 

* Complete thfe job sheet. 

* Complete self -assessment. 

* Complete post-assessment. 
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Vocabulary 




* Acidic 

* Alkalinity 

* Ammonium molybdate 

* Burette 

* Caustic alkalinity 

* Excess phosphate 

* Excess sodium sulphite 

* Hydrogen ion concentration 
4ty * Indicator 

* mho «f 

* Phenolphthalein alkalinity 

* pH value 

* Pipette 

» 

* Sequestering agent 

* Soap tesf; 

* Titration 

* Total alkalinity 

^ Total content of dissolved solids 

* Total hardness 
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Introduction 




Feedwater testing requires exacting procedures. Testing is a laboratory 
f function that requires clean equipment, careful sampling procedures and exact 
measurements. • •, . 

This package is designed to introduce the apprentice to the purpose and types of 
tests used in maintaining the purity of boiler feedwater. Testing procedures 
should be obtained from test kits, manufacturers or the reference material., 
These specific testing instructions should be followed closely until experience 
has been acquired. 
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Test Equipment Needed 

- Sampling bottles r . - 
~ Test tube^ 

- Porcelain dishes 
_ Pipettes 

- Burettes 

- ReaRents 

~ Indicators j» 

- Elecronic instruments n 

Reagents 

A reagent is used to produce a chemicgjL reaction in water* Some standard 
reagents used in water tests are: 

- S llphuric acid N/50 
Silver nitrate 

Potassium — iodide-iodate solution 
^Ammonium molybidate solution 
Soap solution 

-f 

Indicato rs 

— r 

Indicators are solutions that cause changes in color in a water sample depending 
on the Ph of the samples. Most test kits will include the following indicators. 

r 

- Phenolphthalein 

^ - Methylorange solution 

- Starch solution 

- pH indicator solutions 

< 

Types of Tests 

The following tests are normally carried out in testing the quality of boiler 
water, 

- Total content of dissolved solids 

- Total hardness 

- Alkalinity 

- Chlorides 

- Excess sodium sulphite 
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- Excess phosphate 

- pH value 



TotaiS-Gontent of Dissolved Solids 

The total content of dissolved solids is usually measured by the electrical 
conductivity of the liquids. Solids in water offer greater electrical 
conductivity to a current and is measured in mho's . This term is Ohm's ffpelled 
backwards since conductivity is the opposite of resistance. Clear water {as more 
..' resistant to' the passage of electricity than water with solids. Instruments are 
available for measuring conductivity. 

Total Hardness Test 



The total hardness test is a measure of the salts of calcium and magnesium that 
are present in the water. A " soap test" uses a standard soap solution which is 
mixed with the water sample. The amount of soap solution needed to neutralize 
the hardness of the water determines the hardness of the water. The total caj.cium 
and magnesium content cn also be measured by titration . A sequestering aRent 
is mixed with the water sample in measured amounts. An organic dye will cause a 
change in water color from red to blue. The amount of sequestering agent used 
determines the hardness' of the water. A formula is used for calculating the 
hardness of the water. 



Al kalinity , 

Alkalinity measurements reqii re three types of tests.' The operator must 
determine the levels of bicarbonates, carbonates and hydroxides that are present 
in the water. Water treatments will differ according to the presence of these 
products. The tests are: 

-- Phenolphthalein alkalinity test for hydroxides and carbonates 

- Total alkalinity .for total quantity of all dissolved salts 

- Caustic alkalinity for total hydroxide quantity 

Chloride 

This test is used to determine the rate of blow-down for a boiler . Chlorides do 
not precipitate which makes them a reliable indicator for calculating blow-down. 



Chlorine in f eedwater 
Chlorine in boiler water 



X 100 « % blow down 
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Information 




The sample is made slightly acidic by the addition of mild sulphuric ac* d. It 
is then titrated with silver nitrate until the color changes. The chlorine 
content can then be calculated. 

Excess Sodium Sulphite - * 

Oxygen causes corrosion inside the boiler . In order to hold down the oxygen 
levels, the feedwater must be tested for oxygen content. Sodium sulphite can be 
used to dissolve the oxygen in the water and convert it to a sulphate form. 
However, excess sodium sulphite can be acid forming and harmful. It is 
desirable to keep the sodium sulphite levels at very slightly excess levels so 
that oxygen will be controlled and acid conditions will be avoided. The test 
for excess sodium sulphite involves titrations with potassium iodide-iodate 
solution on samples that have been mixed with a starch solution. 

Phosphat e Solution 

Sbdium phosphates are used in boilers to precipitate calcium salts into calcium 
phosphates to prevent the formation of scale. It is desirable to have an excess 
of sodium phosphate in the boiler water at all times. Potassium nitrate 
crystals are mixed with the water sample and then combined with an 
ammonium molybdate reagent . The sample is observed for a condition of 
cloudiness. The* time required for the cloudiness condition to occur shows 
whether the boilerwater has an adequate reserve of sodium phosphate. Another 
test can be conducted by making color comparisons on a Taylor phosphate 
comparator. The comparator uses standardized colors to measure the sample. 




Taylor Phosphate Comparator 
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pH Value 

Acid conditions inside a boiler enhance corrosion. Whether the feedwater is 
acidic - or alkaline is measured by a term pH, pH actus ly means 
hydrogen ion concentration , A pH value of 7,0 is neutral , Anything below 7,0 
is acidic and everything greater than 7,0 is alkaline* pH can be measured by 
either colorimetric or electronic methods* Colorimetric tests involve adding 
indicator solutions to samples in test tubes, 

fl n mn «l 




i'lililili'i ii.i'i 



• 



Electronic tests are conducted by a pH meter suc^as the one shown below. 




1. 


Electrode 




Clip 


2. 


Support Rod 


3. 


Electrode 




Stop 


4. 


Combination 




Electrode 


5. 


Glass Electrode 




Terminal 


6. 


Reference 




Electrode 




Terminal 


7. 


Buffer 




Solution 
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Assignment 




* Read pa^es 3 - 19 in reference.^ 

* Complete the job sheet. 

^ Complete self -assessment and check answers. 

* Complete post-assessment and have instructor chje^k 



answers. 



9 
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Job Sheet 





CONDUCT pH VALUE TESTS 

* Conduct colorimetric test 

- Set up test tube rack (from test kit) 

- Fill 6 test tubes with 10ml of boiler water samples 

- Fill 1 test tube with lOral distilled .water 

- Add .5 ml of indicator to a test tube 

Repeat with each type of indicator with only one indicator per test tube 

- Select the test tube which shows a color change 

- Place that test: tube in a comparator and find color range 



* Conduct pH meter test 

4 

- Read instructions with pH meter to be used 

- Condact test three times and calculate mean or average 

; - Compgre pH value of meter test with colorimetric test 



it 
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Self 

Assessment 




Match the following terms with descriptive phrases. 



1 . mho 



A. A reagent used in chloride 
tests. 



2. Reagent 



B. A reagent used in testing for 
excess sodium sulphate. 



^3. Indicator 



C. A reagent used in testing to 
test for phosphates. 



4. Silver nitrate 



D. Produces a chemical reaction 
in water . 



5 . Potassiuin-iodide-iodate 



6. pH 



E. Total hardness test to measure 
calcium and magnesium salts 

in water. 

F. Unit of measurement- for 
electrical conductivity. 



7. Phenolphthalein alkalinity tests G. Causes changes in color of 

water . 



8. Ammonium molybJate 



H. Measurement of hydrogen ion 
concentration . 



9. Caustic alkalinity tests 



I. Tests tor hydroxides and 
carbonates in water. 



10. Soap test 



J, Tests for total quantity of 
hydroxides in water, 



O - 
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# Self Assessment 
Answers 





D 



3. 



B 



H 



5. 



6. 



f- 



8. 



10. 



12 
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»Post 

Assessment 




1. Silver nitrate and ammonium molybdate solution are 



2. Phenolphthalein and methylorange solutions are 



The unit of neasurement for electrical conductivity (total dissolved 
sblids) is . 



The mixing <>f a liquid into another liquid in measured amounts until a 
color occurs is called 



5. Three types of alkalinity tests are needed to measure _evels of carbonates, 
bicarbonates and 



o. The rate of blow-down for ^a boiler can be determined by a 
test. * 



7. Sodium sulfite tests requires titrations with 

solutions. 



Hp Sodium 



are commonly used in boilers to precipitate 



calcium and prevent scale formatons. 



9. The pH value of water can be determined by 

methods. 



or 



10. Hydrogen ion concentrations of liquids are commonly expressed as 

values. 
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Instructor 

Post Assessment 
Answers 





1. Reagents 



2. Indicators 



3. rnho 



4. Titrati 



on 



5. Hydroxides 

6. Chloride 

7. Potassium iodide-iodate 



8. Phosphate 



9. Colorimetric or electronic 



10. pH 
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